ABSTRACT : During a survey of fungal diversity in insect guts in Korea, two fungal strains, EML-PGH2 and EML-PUKI88, were isolated from the gut of grasshopper and soldier fly larvae inhabiting the bulrush plants at a pond located in the Chonnam National University Arboretum, Gwangju, Korea. Based on their morphological characteristics and a phylogenetic analysis of the internal transcribed spacer (ITS1 and ITS2) and 5.8S rDNA sequences, the strains were identified as Blakeslea trispora. To our knowledge, the zygomycete species B. trispora has not been previously described in Korea.
study suggested that the Gilbertella (Gilbertellaceae) is located between Choanephoraceae and Mucoraceae. Later, Voigt and Olsson [9] revised the family Choanephoraceae based on a multigene (act, ref-1alpha, 18S and 28S rRNA) data set obtained from selected species of 50 genera of the Mucorales and demonstrated that Gilbertella could belong to the Choanephoracea. According to these authors, four genera, including Blakeslea, Choanephora, Gilbertella and Poitrasia, classified under the Choanephoracea.
In Korea, only one species of Choanephora, C. cucurbitarum, causing soft rot disease on eggplant (Solanum melongena) was recorded [10] . During a study on the Mucorales, a species of Blakeslea was first isolated from grasshopper and soldier fly (Stratiomyidae) larva samples in Korea. To our knowledge, there were no previously published records of this genus, which was isolated from the gut of grasshopper and soldier fly larva.
The objective of the present study was to perform the morphological and molecular analyses to characterize an unrecorded zygomycete species − Blakeslea trispora in Korea.
Grasshopper from weedy plant and soldier fly larvae inhabiting the bulrush (Typha orientalis) from an aquatic plant, were collected at CNU Arboretum located in Chonnam National University, Gwangju, Korea in 2016. The insect placed in polyethylene and kept at ambient temperature until being transported to the laboratory. The gut was removed from each insect and placed on a sterile Petri dish, cut into small pieces, and spread onto potato Research Note *Corresponding author E-mail: hblee@jnu.ac.kr dextrose agar (PDA) amended with streptomycin (50 mg/ L). Plates were incubated at 20 o C for 3~7 days. Hyphal tips were transferred with a glass needle to PDA plates amended with the antibiotics mentioned above using a stereomicroscope. Pure isolates were transferred to slant tubes, and stored in 20% glycerol at -80°C at the Environmental Microbiology Laboratory Herbarium (EMLH; Chonnam National University, Gwangju, Korea) as EML-PGH2 and EML-PUKI88. Genomic DNA was directly extracted from mycelia using the HiGene Genomic DNA prep kit for fungi (Biopact Corp., Daejeon, Korea). The internal transcribed spacers (ITS1 and ITS2) and 5.8S gene were amplified using primers ITS1 (5'-TCCGTAGGTGA ACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATA TGC-3') following the method by White et al. [11] . The sequences were initially aligned using CLUSTAL X [12] , and edited manually [13] . Phylogenetic analyses were performed using MEGA 6 [14] with the default settings. Phylogenetic trees were constructed from the data using maximum likelihood (ML). The sequences of EML-PGH2 and Fig. 2) .
Description: Colonies grew rapidly at 25°C on MEA, SMA and PDA, filling the petri dish after 2~3 days of incubation. The initial color of colonies was white, which later turned to yellowish. The colony reverse was also yellowish (Fig. 2) . Sporangiophores beared sporangia arising from substrate mycelium, non-septate, unbranched, often circinate below the sporangium, 8.0~12 μm in width, variable in length. Sporangia measured 35~50 × 36~60 μm, were sub-globose, multispored, initially white and later becoming yellow to dark brown. Sporangiospores from sporangia measured 6~9 × 9~15 μm, were ellipsoid, reddish-brown, bearing a group of straight fine radiating appendages from either pole. Sporangiophores beared sporangiola arising from substrate mycelium or aerial hyphae, erect, 12~26 μm in width, variable in length, bearing 22 6 enlargements. Sporangiola measured 8~16 × 11~18.5 μm, were ellipsoidal, mostly 3 sporangiospores. Sporangiospores from sporangiola were ellipsoidal, reddish-brown, and measured 11~18.5 × 6~9 μm, hyaline appendages at each pole. Zygospores were not observed on this medium. The isolate produces abundant mycelia on PDA agar and the sporulation is excellent on PDA agar. Comparing the colony morphology and culture characteristics of the isolate on MEA medium, with previous descriptions [1] , the present isolate was generally similar to those of B. trispora (Table 1) .
To determine the growth rate, EML-PUKI88 was cultured on MEA, SMA and PDA media. The plates were incubated at 10°C, 20°C, 25°C, 30°C, and 35°C in the dark for 7 days. The average growth rates of EML-PUKI 88 on MEA, SMA, and PDA were 40.5 mm/day, 51.5 mm/ day, and 59 mm/day at 25°C, respectively. The optimal growth temperature range was 25~30°C. Among the different temperatures and culture media, the best mycelial growth was found at 25°C on PDA media. On all media, the isolates grew rapidly at 25~30°C, and stopped growing at a temperature of 10°C.
The genus Blakeslea is considered monotypic. Three species were recognized within genus Blakeslea as B. trispora, B. monospora, and B. sinensis. However, recently, Hoffmann et al. [15] and Walther et al. [16] performed phylogenetic analyse including the sequences of B. trispora and B. sinensis which is regarded as synonym of B. trispora. However, the sequences of B. monospora was not available in GenBank. The present molecular data of this species was consistent with the phylogeny presented by Walther et al. [16] . In the ITS tree, our strains, EML-PUK882 and EML-PGH2, were clustered within Trispora clade containing B. trispora (Fig. 1) . Based on the morphological, physiological and molecular analyses, the fungus was identified as B. trispora.
Little is known about fungi inhabiting the gut of insects including grasshopper and soldier fly larvae at a pond in Korea. Herein B. trispora is described a as new record of zygomycete fungi belonging to undiscovered taxa in Korea. Fig. 3 . Effect of temperature and culture medium on mycelial growth of Blakeslea trispora EML-PUKI88. Mycelia were grown on malt extract agar (MEA), synthetic mucor agar (SMA) and potato dextrose agar (PDA), at different temperatures, as indicated.
